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CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Application No. 

60/352,877, filed February 1, 2002 (Atty. Dkt. No. 1875.0200002), which is 
herein incorporated by reference in its entirety. 

[0002] The following applications of common assignee are related to the present 

application, have the same filing date as the present application, and are herein 

incorporated by reference in their entireties: 
[0003] "Ball Grid Array Package Enhanced With a Thermal And Electrical 

Connector," Atty. Dkt. No. 1875.0200004, Ser. No. ; 

[0004] "Ball Grid Array Package with Patterned Stiffener Layer," Atty. Dkt. No. 

1875.0200005, Ser. No. ; 

[0005] "Ball Grid Array Package Fabrication with IC Die Support Structures," 

Atty. Dkt. No. 1875.2740000, Ser. No. ; 

[0006] "Ball Grid Array Package with Multiple Interposers," Atty. Dkt. No. 

1875.2750000, Ser. No. ; and 

[0007] "Ball Grid Array Package with Separated Stiffener Layer," Atty. Dkt. No. 

1875.2760000, Ser. No. . 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0008] The invention relates generally to the field of integrated circuit (IC) device 

packaging technology and, more particularly, to substrate stiffening and heat 
spreading techniques in ball grid array (BGA) packages. 
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Background Art 

[0009] Integrated circuit (IC) dies are typically mounted in or on a package that 

facilitates attachment to a printed circuit board (PCB). One such type of IC die 
package is a ball grid array (BGA) package. BGA packages provide for smaller 
footprints than many other package solutions available today. A BGA package 
has an array of solder balls located on a bottom external surface of a package 
substrate. The solder balls are reflowed to attach the package to the PCB. In one 
type of BGA package, the IC die is mounted to a top surface of the package 
substrate. Wire bonds typically couple signals in the IC die to the substrate. The 
substrate has internal routing which electrically couples the IC die signals to the 
solder balls on the bottom substrate surface. 

[0010] A number of BGA package substrate types exist, including ceramic, 

plastic, and tape (also known as "flex"). In some BGA package types, a stiffener 
may be attached to the substrate to supply planarity and rigidity to the package. 
In such packages, the IC die may be mounted to the stiffener instead of the 
substrate. Openings in the stiffener may be used to allow the IC die to be wire- 
bonded to the substrate. 

[001 1] Die-up and die-down BGA package configurations exist. In die-up BGA 

packages, the IC die is mounted on a top surface of the package, opposite of the 
side to which the solder balls are attached. In die-down BGA packages, the IC 
die is mounted on a bottom surface of the package, on the same side as which the 
solder balls are attached. 

[0012] Conventional BGA packages are subject to high thermal stresses that 

result from the heat given off during operation of the mounted IC die. The 
thermal stresses are primarily imposed on the IC die and solder balls due to the 
mismatch of the thermal expansion coefficient (CTE) between the semiconductor 
die and the metal stiffener. As a result, conventional flex BGA packages have 
difficulty in meeting reliability requirements for die sizes larger than about 9mm. 
See, e.g., Thompson, T., et al., Reliability Assessment of a Thin (Flex) BGA Using 
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a Polyimide Tape Substrate, International Electronics Manufacturing Technology 
Symposium, IEEE, pp. 207-213 (1999). 

[0013] The tape substrate used in flex BGA packages is typically polyimide, 

which has very low values of thermal conductivity. Consequently, the IC die is 
separated from the PCB internally by the tape substrate thermal barrier. The lack 
of direct thermal connection from IC die to PCB leads to relatively high 
resistance to heat transfer from IC die-to-board (theta-jb). 

[0014] A stiffener attached to a substrate enhances heat spreading. However, the 

openings on the stiffener for wire bond connections tend to reduce the thermal 
connections between the IC die and the edges of the stiffener. As a result, heat 
spreading is limited largely to the region of the IC die attach pad, while areas at 
the stiffener peripheral do not contribute effectively to heat spreading. 

[0015] Furthermore, because of the high density of the substrate routing circuitry, 

it is difficult to bond each power and ground pad on the IC die to the substrate by 
a corresponding bond finger. As a result, the distribution of ground and power 
signals connecting to the IC die is frequently compromised in conventional BGA 
packages. 

[0016] Ball grid array packages that use plastic substrates (for example, BT or 

FR4 plastic) are commonly known as plastic BGAs, or PBGAs. See, e.g., Lau, 
J. H., Ball Grid Array Technology, McGraw-Hill, New York, (1995). A PBGA 
package, for example, may add solder balls to the bottom substrate surface under 
the IC die to aid in conducting heat to the PCB. Solder balls such as these are 
referred to as thermal balls. The cost of the PBGA package, however, will 
increase with the number of thermal balls. Furthermore, a large array of thermal 
balls may be necessary for heat dissipation into the PCB for high levels of IC 
device power. 

[0017] Hence, what is needed are BGA packages with improved heat spreading 

capabilities, while also providing for high levels of IC electrical performance. 

[0018] Furthermore, what is needed are improved BGA packages with enhanced 

electrical, thermal and physical characteristics. 
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[0019] Ball grid array (BGA) packages having enhanced electrical, thermal, and 

mechanical characteristics are described herein. In an aspect of the present 
invention, a stiffener for use in a ball grid array (BGA) package is described. The 
stiffener includes a first surface and a second surface opposed to the first surface. 
A through-pattern is present through the stiffener. A recessed step region is 
present in the first surface along an edge of the through-pattern. 

[0020] In a further aspect of the present invention, the edge is a closest edge of 

the through-pattern to a central region of the first surface of the stiffener. 

[0021] In an aspect of the present invention, the through-pattern is an opening 

through the stiffener that is open at the first surface and the second surface. 

[0022] In a further aspect, a plurality of openings are present through the stiffener 

that are open at the first surface and the second surface. A plurality of recessed 
step regions are present in the first surface. Each of the plurality of recessed step 
regions is located along an edge of a corresponding opening of the plurality of 
openings. 

[0023] In another aspect of the present invention, the through-pattern is a 

recessed edge portion in an edge of the stiffener. 

[0024] In a further aspect, a plurality of recessed edge portions are present in one 

or more edges of the stiffener. A plurality of recessed step regions are present in 
the first surface. Each of the plurality of recessed step regions is located along an 
edge of a corresponding recessed edge portion of the plurality of recessed edge 
portions. 

[0025] In another aspect of the present invention, one or more recessed step 

regions are plated with a plating material. In a still further aspect, an area of the 
first surface adjacent to the recessed step region is plated with the plating 
material. The plating material may be electrically conductive. In an aspect, the 
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plating material of the recessed step region and area of the first surface adjacent 
to the recessed step region are coupled together. 

[0026] In another aspect of the present invention, a BGA package incorporating 

a stepped stiffener is described. An IC die is mounted on a first surface of the 
stiffener. A first surface of a substrate is attached to a second surface of the 
stiffener that is opposed to the first surface of the stiffener. A bond pad of the IC 
die is coupled to a contact pad on the first surface of the substrate with a wire 
bond. The wire bond is coupled over a recessed step region in the first surface of 
the stiffener and through a through-pattern in the stiffener that has an edge 
adjacent to the recessed step region. 

[0027] In embodiments of the present invention, the through-pattern in the 

stiffener is one of an opening through the stiffener, a recessed portion in an edge 
of the stiffener, or other through-pattern. 

[0028] Further aspects, features, and advantages of the present invention, as well 

as the structure and operation of the various embodiments of the present 
invention, are described in detail below with reference to the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES 

[0029] The accompanying drawings, which are incorporated herein and form a 

part of the specification, illustrate the present invention and, together with the 
description, further serve to explain the principles of the invention and to enable 
a person skilled in the pertinent art to make and use the invention. 

[0030] FIGS. 1 A and IB illustrate cross-sectional views of flex BGA packages. 

[0031] FIG. 2A shows a top view of a stiffener. 

[0032] FIG. 2B shows a temperature distribution for a stiffener during operation 

of an IC device in a flex BGA package. 
[0033] FIG. 2C shows an top view of an alternative stiffener configuration. 

[0034] FIG. 3 shows a cross-sectional view of a die-up plastic BGA package. 
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[0035] FIG. 4A illustrates a cross-sectional view of a die-up BGA package. 

[0036] FIGS . 4B and 4C illustrate exemplary solder ball arrangements for the die- 

up BGA package of FIG. 4A. 

[0037] FIG. 5 shows exemplary routing in a substrate layer. 

[0038] FIGS. 6A and 6B show top and cross-sectional views, respectively, of a 

stepped stiffener, according to an example embodiment of the present invention. 

[0039] FIG. 6C shows a cross-sectional view of a stiffener with angled surfaces, 

according to an example embodiment of the present invention. 

[0040] FIG. 6D shows a top view of a stepped stiffener, according to an example 

embodiment of the present invention. 

[0041] FIG. 7 shows a cross-sectional view of a BGA package with the stepped 

stiffener of FIGS. 6A and 6B, according to an example embodiment of the present 
invention. 

[0042] FIGS. 8 A and 8B show top and cross-sectional views, respectively, of a 

stepped stiffener, according to an example embodiment of the present invention. 
[0043] FIGS. 8C and 8D show top and cross-sectional views, respectively, of a 

stepped stiffener, according to an example embodiment of the present invention. 
[0044] FIG. 9 shows a cross-sectional view of a BGA package with the stepped 

stiffener of FIGS. 8A and 8B, according to an example embodiment of the present 

invention. 

[0045] FIG. 1 0 shows a flowchart providing example steps for assembling a BGA 

package with stepped stiffener, according to embodiments of the present 
invention. 

[0046] The present invention will now be described with reference to the 

accompanying drawings. In the drawings, like reference numbers indicate 
identical or functionally similar elements. Additionally, the left-most digit(s) of 
a reference number identifies the drawing in which the reference number first 
appears. 
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DETAILED DESCRIPTION OF THE INVENTION 

Overview 

[0047] The present invention is directed to a method and system for improving 

the mechanical, thermal, and electrical performance of BGA packages. The 
present invention is applicable to all types of BGA substrates, including ceramic, 
plastic, and tape (flex) BGA packages. Furthermore the present invention is 
applicable to die-up (cavity-up) and die-down (cavity-down) orientations. 

[0048] Numerous embodiments of the present invention are presented herein. 

First, ball grid array package types are described below. Further detail on the 
above described embodiments for stepped stiffeners, and additional embodiments 
according to the present invention, are then described. The embodiments 
described herein may be combined, as required by a particular application. 

Ball Grid Array (BGA) Package 

[0049] A ball grid array (BGA) package is used to package and interface an IC 

die with a printed circuit board (PCB). BGA packages may be used with any type 
of IC die, and are particularly useful for high speed ICs. In a BGA package, 
solder pads do not just surround the package periphery, as in chip carrier type 
packages, but cover most or all of the bottom package surface in an array 
configuration. BGA packages are also referred to as pad array carrier (PAC), pad 
array, land grid array, and pad-grid array packages. BGA packages types are 
further described in the following paragraphs. For additional description on BGA 
packages, refer to Lau, J. H., Ball Grid Array Technology, McGraw-Hill, New 
York, (1995), which is herein incorporated by reference in its entirety. 

[0050] Die-up and die-down BGA package configurations exist. In die-up BGA 

packages, the IC die is mounted on a top surface of the substrate or stiffener, in 
a direction away from the PCB. In die-down BGA packages, the IC die is 
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mounted on a bottom surface of the substrate or stiffener, in a direction towards 
thePCB. 

[0051] A number of BGA package substrate types exist, including ceramic, 

plastic (PBGA), and tape (also known as "flex") (for example, refer to Hayden, 
T.F., etal., Thermal & Electrical Performance and Reliability Results for Cavity- 
Up Enhanced EGAs, Electronic Components and Technology Conference, IEEE, 
pp. 638-644 (1999), which is incorporated herein by reference). FIG. 1A 
illustrates a flex BGA package 100. Flex BGA package 100 includes an IC die 
102, a tape substrate 104, a plurality of solder balls 106, and one or more wire 
bonds 108. Tape or flex BGA packages are particularly appropriate for large IC 
dies with large numbers of inputs and outputs, such as application specific 
integrated circuits (ASIC) and microprocessors. 

[0052] Tape substrate 104 is generally made from one or more conductive layers 

bonded with a dielectric material. For instance, the dielectric material may be 
made from various substances, such as polyimide tape. The conductive layers are 
typically made from a metal, or combination of metals, such as copper and 
aluminum. Trace or routing patterns are made in the conductive layer material. 
Substrate 104 may be a single-layer tape, a two-layer tape, or additional layer tape 
substrate type. In a two-layer tape, the metal layers sandwich the dielectric layer, 
such as in a copper-Upilex-copper arrangement. 

[0053] IC die 1 02 is attached directly to substrate 1 04, for example, by an epoxy . 

IC die 102 is any type of semiconductor IC. 

[0054] One or more wire bonds 108 connect corresponding bond pads 1 18 on 

IC die 102 to contact pads or points 120 on substrate 104. 

[0055] An encapsulate 116, such as a mold compound, epoxy, or other 

encapsulating material, covers IC die 1 02 and wire bonds 1 08 for mechanical and 
environmental protection. 

[0056] As shown in FIG. 1 A, flex BGA package 1 00 does not include a stiffener. 

In some BGA package types, particularly in flex BGA packages, a stiffener can 
be attached to the substrate to add planarity and rigidity to the package. FIG. IB 

SKGFRef.No. 1875.2730000/BP2145.3 



-9- 



illustrates a flex BGA package 110, similar to flex BGA package 100, that 
incorporates a stiffener 112. Stiffener 112 may be laminated or otherwise 
attached to substrate 104. Stiffener 112 is typically made from a metal, or 
combination of metals, such as copper, tin, and aluminum, or may be made from 
a polymer, for example. Stiffener 112 also may act as a heat sink, and allow for 
greater heat spreading in BGA package 110. One or more openings 114 in 
stiffener 112 may be used to allow for wire bonds 108 to connect IC die 102 to 
substrate 104. Stiffener 1 12 may be configured in other ways, and have different 
opening arrangements than shown in FIG. IB. 

[0057] The use of a stiffener in a flex BGA package requires additional 

considerations when attempting to manage heat spreading. FIG. 2A shows a top 
view of a stiffener 1 1 2. Stiffener 1 12 includes an opening 1 14 adjacent to all four 
sides of an IC die mounting position 202 in the center of stiffener 1 12. FIG. 2B 
shows a temperature distribution 204 of a stiffener, such as stiffener 112, during 
operation of an IC die in a flex BGA package. Temperature distribution 204 
shows that heat transfer from IC die mounting position 202 to the edges of 
stiffener 112 is substantially limited by openings 114. Openings 114 act as 
thermal barriers to heat spreading in stiffener 112. 

[0058] FIG. 2C shows a top view of an alternative configuration for stiffener 1 12, 

according to an embodiment of the present invention. Stiffener 112 includes an 
opening 206 adjacent to all four sides of an IC die mounting position 202 in the 
center of stiffener 112. Openings 206 are similar to openings 114 of FIG. 2A, but 
have different shape. The different shape can enhance thermal transfer to the 
outer areas of stiffener 112, for example. Further alternatively shaped openings 
in stiffener 112 are applicable to the present invention, including elliptical or 
rounded openings, etc. 

[0059] FIG. 3 shows a cross-sectional view of a conventional die-up PBGA 

package 300. PBGA package 300 includes a plastic substrate 302, an IC die 304, 
a plurality of solder balls 306, a plurality of wire bonds 308, a die pad 310, one 
or more vias 314, and one or more thermal/ground vias 316. 
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[0060] Plastic substrate 302 includes one or more metal layers formed on an 

organic substrate. For example, plastic or organic substrates may include 
materials such as "BT", which includes a resin called bis-maleimide triazine, 
and/or "FR-4," which is a fire-retardant epoxy resin-glass cloth laminate material, 
and/or other similar materials. IC die 304 is mounted to die pad 310. IC die 304 
may be attached to die pad 310 with an epoxy, such as a silver-filled epoxy. Wire 
bonds 308 connect signals of IC die 304 to substrate 302. For instance, gold 
bonding wire is bonded from aluminum bond pads on IC die 304 to gold-plated 
contact pads on substrate 302. The contact pads on substrate 302 connect to 
solder balls 306 attached to the bottom surface of substrate 302, through vias 314 
and routing within substrate 302 using copper conductors 312. Thermal/ground 
vias 316 connect die pad 310 to one or more thermal/ground balls 322 on the 
center bottom surface of substrate 302. An encapsulate, mold compound, or 
epoxy 320 covers IC die 304 and wire bonds 308 for mechanical and 
environmental protection. 

[0061] As described above, a BGA package includes an array of solder balls 

located on a bottom external surface of the package substrate. FIG. 4A illustrates 
a cross-sectional view of a die-up BGA package 400. FIGS. 4B and 4C illustrate 
exemplary solder ball arrangements for die-up BGA package 400. As shown in 
FIG. 4 A, BGA package 400 includes an IC die 408 mounted on a substrate 412. 
IC die 408 is electrically connected to substrate 412 by one or more wire bonds 
410. Wire bonds 410 are electrically connected to solder balls 406 underneath 
substrate 412 through corresponding vias and routing in substrate 412. The vias 
in substrate 412 can be filled with a conductive material, such as solder, to 
enhance these connections. Solder balls 406 are attached to substrate 412, and 
are used to attach the BGA package to a PCB. 

[0062] Note that although wire bonds, such as wire bonds 410, are shown and 

described herein, IC dies may be mounted and coupled to a substrate with solder 
balls located on the bottom surface of the IC die, by a process commonly referred 
to as "C4" or "flip chip" packaging. 
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[0063] As shown in FIG. 4B, solder balls 406 may be arranged in an array. FIG. 

4B shows a 14 by 14 array of solder balls on the bottom surface of BGA package 
400. Other sized arrays of solder balls are also applicable to the present 
invention. Solder balls 406 are reflowed to attach BGA package 400 to a PCB. 
The PCB may include contact pads to which solder balls 406 are bonded. PCB 
contact pads are generally made from a metal or combination of metals, such as 
copper, nickel, tin, and gold. 

[0064] FIG. 4C shows a bottom view of BGA package 400, with an alternative 

solder ball array arrangement. BGA package 400 attaches an array of solder balls 
406 on a bottom surface of substrate 412. As shown in FIG. 4C, solder balls 406 
are located in a peripheral area of the bottom surface of substrate 412, away from 
a substrate center 424. For example, solder balls 406 on the bottom surface of 
substrate 412 may be located outside an outer profile area of an IC die mounted 
on the opposite surface of substrate 412. The solder ball array may be organized 
in any number of ways, according to the requirements of the particular BGA 
package application. 

[0065] The solder ball arrangement shown in FIG. 4C is particularly applicable 

to embodiments of the present invention described below, such as for attaching 
a heat spreader/heat sink/heat slug/thermal connector to a bottom surface of a 
BGA package. The heat spreader/heat sink/heat slug/thermal connector may be 
connected in substrate center 424, for example. 

[0066] As described above, the BGA package substrate provides electrically 

conductive vias and routing on one or more electrically conductive layers to 
connect contact pads for wire bonds on its upper surface to solder balls attached 
to the bottom substrate surface. For illustrative purposes, FIG. 5 shows solder 
ball pads and routing 504 in an example bottom substrate layer 502. 

[0067] The present invention is applicable to improving thermal, mechanical, and 

electrical performance in the BGA package types described herein, and further 
BGA package types. 
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[0068] High routing density in substrate 104/302 can make it difficult to bond 

each power and ground pad of IC die 102/304 to a corresponding contact pad on 
the top surface of substrate 104/302. As a result, the coupling of ground and 
power signals from IC die 102/304 to substrate 104/302 may be compromised, 
particularly in tape substrate BGA packages. The presence of a stiffener, such as 
stiff ener 1 12, to stiffen a BGA package limits the area of the package substrate 
to which wire bonds may be coupled from the IC die. This problem is 
exacerbated by the edges of openings in a stiffener, such as openings 1 14 in 
stiffener 1 12, which have to be traversed by wire bonds. The present invention 
provides additional space for the traversal of wire bonds, as described below. 

Stepped Stiffener Embodiments 

[0069] According to the embodiments of the present invention, thermal, 

electrical, and mechanical enhancements to a BGA package are provided, through 
the introduction of a stepped stiffener. This section provides embodiments and 
description of the stepped stiffener of the present invention. For illustrative 
purposes, the present invention is described below in the context of the elements 
of BGA packages 100 and 1 10 of FIGS. 1A and IB, but is not limited to these 
examples. The stepped stiffener of the present invention is applicable to tape and 
plastic substrate BGA packages, such as BGA packages 100, 110, and 300 
described above, to ceramic substrate BGA packages, and further BGA package 
types. 

[0070] FIGS. 6 A and 6B show top and side views, respectively, of an example 

stiffener 600, according to an embodiment of the present invention. Stiffener 600 
is substantially similar to stiffener 1 12, with the addition of "steps", as described 
herein. Hence, stiffener 600 may also be referred to as an "interposer." Stiffener 
600 provides mechanical support and stiffness for the BGA package in which it 
resides. Furthermore, in embodiments, stiffener 600 is thermally conductive and 
provides for heat spreading. In such embodiments, stiffener 600 conducts heat 
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away from an IC die centrally mounted to stiffener 600 in a central region 612. 
Hence, stiffener 600 may also be referred to as a heat sink, heat slug, and heat 
spreader. 

[0071] As shown in the example of FIG. 6A, stiffener 600 has a substantially 

planar top surface 602. Stiffener 600 further has a substantially planar bottom 
surface 604, which is opposed to top surface 602, as indicated in FIG. 6B. 
However, stiffener 600 also includes a plurality of openings 114, each with a 
corresponding recessed step region 606 located alongside in first surface 602. 
Recessed step region 606 facilitates connection of one or more wire bonds 
between an IC die to the package substrate through or around stiffener 600. 
According to embodiments of the present invention, recessed step region 606 
reduces an edge blocking effect of opening 1 14 to a wire bond caused by the 
thickness of stiffener 600. Recessed step region 606 reduces a risk of wire bond 
contact with stiffener 600 during an IC die encapsulation process. Recessed step 
region 606 can also lead to a wire bond length reduction for wire bonds passing 
through a corresponding opening 1 14, and can therefore improve the electrical 
performance of the BGA package. Recessed step region 606 can be patterned 
into stiffener 600 by processes such as stamping, half etching, machining, 
molding, and other metal and material forming processes. 

[0072] Openings 114 allow for wire bonds to pass through stiffener 600 to couple 

to the package substrate, such as shown is in FIG. IB for stiffener 112. The 
dimensions of openings 114 can be varied to allow for reduced wire bond lengths, 
for improved routability of the BGA package substrate, and for improved 
manufacturability of the BGA package. As will be described below, stiffener 600 
may include any combination of one or more through-patterns such as openings 
114, recessed edge portions, and other through-patterns described herein, 
according to embodiments of the present invention. 

[0073] As shown in the example of FIG. 6A, four openings 1 14 are present in 

stiffener 600. Openings 1 14 are typically located proximate to a central mount 
location (i.e., central region 612) for the package IC die to allow for relatively 
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short lengths for wire bonds, but may be located anywhere in stiffener 600. As 
shown in FIG. 6 A, each of openings 114 in stiffener 600 is substantially 
rectangular shaped. In alternative embodiments, openings 1 14 may have other 
shapes, including regular shapes such as elliptical or round, any quadrilateral such 
as trapezoidal, other polygons, combinations thereof, and additional shapes such 
as irregular. 

[0074] For example, FIG. 6D illustrates a top view of a stepped stiffener 600 with 

trapezoidal openings 206a-d, according to an alternative embodiment of the 
present invention. Stiffener studs or "tie bars" 620 separate openings 206a-d. 
Furthermore, one or more of openings 206a-d have one or more notches 622. A 
first opening 206a has a first notch 622a and a second opening 206b has a second 
notch 622b. Notches 622a and 622b may be used to accommodate wire bonds. 
Any number and any size notch may be present in an opening of a stepped 
stiffener of the present invention. Note that one or more plated areas may be 
plated on stiffener 600 to enhance wire bond connections to stiffener 600. The 
plating may be silver, gold, other metal, or combination/alloy thereof, for 
example. Note that openings 206a and 206b may also be considered to be 
irregular shaped openings, due to each having the combination of a trapezoidal 
opening and a notch. 

[0075] As shown in FIG. 6 A, a first recessed step region 606a is located along an 

edge of a first opening 1 14a, a second recessed step region 606b is located along 
an edge of a second opening 1 14b, a third recessed step region 606c is located 
along an edge of a third opening 1 14c, and a fourth recessed step region 606d is 
located along an edge of a fourth opening 1 14d. Each of first, second, third, and 
fourth recessed step regions 606a-606d is substantially rectangular in shape. In 
alternative embodiments, one or more recessed step regions 606 may have other 
shapes, including regular shapes such as elliptical or round, any quadrilateral such 
as trapezoidal, other polygons, combinations thereof, and additional shapes such 
as irregular. Furthermore, one or more recessed step regions 606 may have a 
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surface that is substantially planar or other shape, including rounded, and 
irregular. 

[0076] Note that a single recessed step region is located along each of openings 

1 14a- 1 14d in FIG. 6A. In alternative embodiments, a plurality of recessed steps 
or step regions may be located along one or more of openings 1 14a-l 14d. In 
other words, a "staircase" of recessed step regions 606 may be located next to a 
single opening 1 14, with two steps, three steps, and any number of additional 
steps. These additional steps may provide additional clearance for wire bond 
connections. 

[0077] Furthermore, in a further embodiment, an angled surface 650 may be 

located along one or more of openings 114a-114d, as shown in FIG. 6C. As 
shown in FIG. 6C, angled surface 650 is formed between first surface 602 and 
second surface 604. Angled surface 650 may be used to provide clearance for 
wire bond connections. As shown in the example of FIG. 6C, angled surface 650 
is formed at an acute angle to a plane of first surface 602. Angled surface 650 
may formed at any angle to the plane of first surface 600, including any acute 
angle to the plane of first surface 600. 

[0078] Recessed step regions 606 may be plated to enhance their mechanical and 

electrical characteristics. As shown in FIGS. 6A and 6B, first, second, and fourth 
recessed step regions 606a, 606b, and 606d are plated with a plating material 614. 
For example, plating material 614 may be an electrically conductive material. 
The electrically conductive material may include one or more metals, including 
gold, silver, solder, nickel, tin, copper, aluminum, and other metals and alloys, 
and may include other conductive materials. Plating material 614 may enhance 
the electrical and/or mechanical connection of a wire bond to the particular 
recessed step portion 606. 

[0079] Furthermore, areas along or adjacent to recessed step regions 606 may 

also be plated with plating material 614. For example, as shown in FIG. 6A and 
6B, an area 608a of top surface 602 located along first recessed step region 606a 
is plated with plating material 614. Also, an area 608b of top surface 602 along 
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third recessed step region 606c is plated with plating material 614. Areas 608a 
and 608b are shown to be of rectangular shape, but may have other shapes. 
Furthermore, as shown in the example of FIG. 6B, a surface area 610 between 
recessed step region 606a and area 608a is plated with plating material 614. 
Areas 608a, 608b, and 610 may be plated for similar reasons to the reasons for 
plating recessed step regions 606, and may be plated with similar materials. 
Furthermore, by plating recessed step region 606a, areas 608a, and area 610, an 
electrical connectivity between these locations may be enhanced, which may be 
important when stiffener 600 is not otherwise electrically conductive. 

[0080] FIG. 7 shows an example BGA package 700, according to an embodiment 

of the present invention. BGA package 700 includes example stiffener 600 as 
shown in FIGS. 6A and 6B. 

[0081] As shown in FIG. 7, IC die 102 is mounted to central region 612 of top 

surface 602 of stiffener 600 by an adhesive material 702. In embodiments, 
adhesive material 702 may be a thermally conductive adhesive material, to 
enhance transfer of heat from IC die 102 to stiffener 600. For instance, adhesive 
material 702 may be an epoxy, such as a silver-filled epoxy, a laminate, such as 
a film or tape adhesive, a solder, and other adhesive material. 

[0082] Bottom surface 604 of stiffener 600 is coupled to a top surface of substrate 

104. A plurality of solder ball pads 704 on the bottom surface of substrate 104 
have a respective plurality of solder balls 106 attached thereto. Solder ball pads 
704 are electrically coupled through substrate 1 04 to contact pads/lands on the top 
surface of substrate 104. Conductive areas/lands/fingers/traces/etc. on the top 
surface of substrate 104 that are wire bond attachable are referred to herein as 
"contact pads." Substrate 104 can be BT, tape, organic, ceramic, glass, laminated, 
build-up, and any other substrate type, such as those otherwise described herein, 
for example. 

[0083] An encapsulate 708 is used to encapsulate IC die 102 and wire bonds on 

the top surfaces of stiffener 600 and substrate 104. For BGA package 700, 
encapsulate 708 is shown in the form of a "glob top." In a glob top encapsulation 
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embodiment, an encapsulating material is applied in a cavity formed by substrate 
1 04/stiffener 600 and a dam 710. Dam 710 may be a material, such as an epoxy, 
that is formed in a ring to contain the encapsulating material when it is later 
applied. However, in the embodiments described herein, encapsulate 708 may 
be any form and type of encapsulation/encapsulating material, including glob top, 
molding compound, saw singulation, and epoxy, for example. 

As shown in FIG. 7, one or more wire bonds 108 are coupled from bond 
pads on IC die 102 over recessed step region(s) 606 and through openings 1 14 to 
contact pads on the top surface of substrate 104. For example, as shown in FIG. 
7, a first wire bond 108a and a second wire bond 108b are coupled from bond 
pads on IC die 102 to contact pads on the top surface of substrate 104. First wire 
bond 108a passes over first recessed step region 606a and through wire bond 
opening 1 14a. Second wire bond 108b passes over third recessed step region 
606c and through wire bond opening 1 14c. In embodiments, any number of wire 
bonds 108 may pass over a recessed step region 606, and be coupled through a 
wire bond opening 114. As described above, recessed step region 606 reduces a 
risk of contact of wire bonds 108 with stiffener 600 during encapsulation of IC 
die 102, among other advantages. 

Furthermore, in embodiments, one or more wire bonds 706 are coupled 
from bond pads on IC die 102 to stiffener 600. For example, wire bonds 706 may 
couple from bond pads on IC die 102 that are coupled to power, ground, or some 
other signal internal to IC die 102. Thus, wire bonds 706 couple these signals to 
stiffener 600, which may then operate as a ground, power, or signal plane to 
enhance electrical performance of BGA package 700. For example, as shown in 
FIG. 7, a first wire bond 706a is coupled from a bond pad on IC die 102 to area 
608a on top surface 602 of stiffener 600. A second wire bond 706b is coupled 
from a bond pad on IC die 102 to area 608b on top surface 602 of stiffener 600. 
Areas 608a and 608b are plated with plating material 614 to enhance the 
mechanical and electrical connection of first and second wire bonds 706a and 
706b 5 respectively, to stiffener 600. Areas 608a and 608b may be electrically 
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connected or isolated from one another. Although not shown in FIG. 7, one or 
more wire bonds 706 may additionally or alternatively be coupled from IC die 
102 to recessed step regions 606. 

[0086] As shown in FIG. 7, an optional thermal connector 712 is attached to 

bottom surface 604 of stiffener 600, through a corresponding optional window 
opening 714 in substrate 104. When present, a bottom surface 716 of thermal 
connector 712 may be attached to a PCB when BGA package 700 is mounted to 
the PCB. Thermal connector 712 enhances the conduction of heat from IC die 
102 through stiffener 600, to the PCB. Furthermore, thermal connector 7 12 may 
be coupled to a conductive area of the PCB to provide an enhanced electrical 
connection for ground, power, or some other signal to the PCB, In embodiments, 
thermal connector 7 1 2 is made from a metal, such as aluminum, copper, and other 
metals or alloys, for example. Thermal connector 712 may also be referred to as 
a heat slug, heat spreader, and heat sink, due to its thermal characteristics. 

[0087] An adhesive material 718 is used to attach thermal connector 712 to 

bottom surface 704. In embodiments, adhesive material 718 is an electrically 
and/or thermally enhanced adhesive material to enhance the electrical and thermal 
characteristics of thermal connector 712. For example, adhesive material 718 
may be an epoxy, such as a silver-filled epoxy, a laminate, such as a film or tape 
adhesive, a solder, and other adhesive material. 

[0088] Furthermore, a sealant material may be used to fill a gap between thermal 

connector 712 and substrate 104 in opening 714. The sealant material is formed 
in a ring around thermal connector 712, and therefore is also referred to as a seal 
ring. In an embodiment, the sealant material is a dielectric sealant, an epoxy, or 
other electrically non-conductive sealing material. The seal ring formed by the 
sealant material improves a BGA package resistance to moisture, BGA package 
manufacturing yields, BGA package reliability, as well as additional BGA 
package thermal and mechanical performances. 

[0089] In an alternative embodiment, the sealant material is an electrically 

conductive material that can electrically couple thermal connector 712 to one or 
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more electrically conductive traces, rings, and/or planes of substrate 104, that are 
coupled to an electrical potential. Such an embodiment provides additional 
flexibility for routing of substrate 104, and an improvement in BGA package 
electrical performance. 

[0090] FIGS. 8A and 8B show top and side views, respectively, of an example 

stiffener 800, according to a further embodiment of the present invention. 
Stiffener 800 of FIGS. 8A and 8B is substantially similar to stiffener 600 as 
shown in FIGS. 6 A and 6B, but is configured such that, openings 1 14 shown in 
FIGS. 6A and 6B are replaced with recessed edge portions 802. Recessed edge 
portions 802 are open at the outer edges of stiffener 800, as opposed to openings 
1 14, which are closed. 

[0091] In embodiments, outer edges of stiffener 600 and 800 may coincide with 

outer edges of substrate 104, such as is shown for stiffener 600 in FIG. 7. In 
alternative embodiments, outer edges of stiffener 600 and 800 may not extend to 
the outer edges of substrate 104, such as is shown for stiffener 800 in FIG. 8. 

[0092] In embodiments, any number of one or more recessed edge portions 802 

may be present in stiffener 800. As shown in the example of FIGS. 8 A and 8B, 
stiffener 800 has a first recessed edge portion 802a in a first edge 804a, a second 
recessed edge portion 802b in a second edge 804b, a third recessed edge portion 
802c in a third edge 804c, and a fourth recessed edge portion 802d in a fourth 
edge 804d. 

[0093] In embodiments, any number of one or more recessed step regions 606 

may be present in any number of recessed edge portions 802. For example, as 
shown in FIGS. 8A and 8B, a recessed step region 606 is present in first surface 
602 of stiffener 800 along each recessed edge portion 802. First recessed step 
region 606a is present along first recessed edge portion 802a, second recessed 
step region 606b is present along second recessed edge portion 802b, third 
recessed step region 606c is present along third recessed edge portion 802c, and 
fourth recessed step region 606d is present along fourth recessed edge portion 
802d. 
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[0094] Furthermore, similarly to stiffener 600 described above, stiffener 800 may 

include a staircase and/or an angled surface 650 (shown in FIG. 6C) along one or 
more of recessed edge portions 802a-802d. A staircase or angled surface 650 
may be used to provide clearance for wire bond connections. 

[0095] As shown in FIG. 8 A, each of first, second, third, and fourth recessed edge 

portions 802a-802d is substantially rectangular in shape. In alternative 
embodiments, one or more recessed edge portions 802 may have other shapes, 
including elliptical or round, combinations of rectangular and elliptical, and 
additional shapes. 

[0096] FIGS. 8C and 8D show top and side views, respectively, of stiffener 800, 

according to a further embodiment of the present invention. Stiffener 800 of 
FIGS. 8C and 8D is substantially similar to the embodiment shown in FIGS. 8A 
and 8B, but is configured such that instead of having recessed edge portions 802 
as shown in FIGS. 8A and 8B, the entire outer edge of stiffener 800 is recessed. 
Hence, in this embodiment, stiffener 800 has a continuous recessed step region 
608 around its periphery, and the outer edges of stiffener 800 do not coincide with 
the outer edges of a substrate to which stiffener 800 is attached (i.e., stiffener 800 
is smaller in area than the substrate). Continuous step region 608 around the 
periphery of stiffener 800 may also be considered to include four separate step 
regions 606a-d (not indicated in FIGS. 8C and 8D), corresponding to the four 
edges of stiffener 800. As shown in FIG. 8C 5 continuous step region 608 may be 
continuously plated with plating material 614, or may be plated in discrete areas 
(not shown in FIG. 8C). Stiffener 800 of FIGS. 8C and 8D may be sized as 
required by a particular application. For example, stiffener 800 may be sized to 
have a greater or lesser area to allow for shorter or longer wire bond connections 
between the IC die and substrate. 

[0097] FIG. 9 shows an example BGA package 900, according to a further 

embodiment of the present invention. BGA package 900 includes stiffener 800 
as shown in FIGS. 8A and 8B or 8C and 8D. As shown in FIG. 9, BGA package 
900 is substantially similar to BGA package 700 of FIG. 7, except for the 
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incorporation of stiffener 800. As shown in FIG. 9, first and second wire bonds 
108a and 108b are coupled to a contact pad on the top surface of substrate 104. 
First wire bond 108a is coupled over first recessed step area 606a and through 
first recessed edge portion 802a. Second wire bond 108b is coupled over third 
recessed step area 606c and through third recessed edge portion 802c. Any 
number of wire bond connections may be made through recessed edge portions 
802. 

[0098] Stiffener 800 of FIGS. 8A-8D and 9 provides the mechanical, electrical, 

and thermal benefits of the embodiments for stiffener 600 described above. 
Furthermore, because the outer edges of stiffener 800 do not extend to the edges 
of substrate 104, more space is provided for contact pads on the top surface of 
substrate 104. Hence, greater numbers of wire bond connections may be 
accommodated. 

[0099] According to embodiments of the present invention, stiffeners 600 and 

800 can be made from a variety of materials. For example, stiffeners 600 and 800 
can be made from a metal, such as copper, a copper based alloy, aluminum, an 
aluminum based alloy, as well as other types of metals and alloys. Stiffeners 600 
and 800 can also be made from ceramic materials, thermally conductive dielectric 
materials, organic materials, plastics, and combinations of these materials, as 
would be known to one skilled in the relevant art(s) based on the teachings 
described herein. In embodiments, stiffeners 600 and 800 are made from an 
electrically conductive material to enhance their electrical properties. 
Additionally or alternatively, stiffeners 600 and 800 may be made from thermally 
conductive materials to enhance their thermal characteristics. 

[0100] The surfaces of stiffeners 600 and 800 are not required to be finished with 

physical and chemical treatments. However, one or more surfaces of stiffener 
600 and 800 may be finished with physical and chemical treatments. For 
example, surfaces of stiffeners 600 and 800 may be finished using processes such 
as micro-etch or oxidation to promote adhesion of an encapsulating material to 
the respective stiffener. In embodiments, as described above, a surface plating 
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of a plating material 614, such as silver, solder, nickel, gold, or other metals and 
alloys thereof, may be applied on one or more surfaces of stiffeners 600 and 800 
to create spot, strip, bar, ring, and other shape contact areas for wire bond 
attachment to the respective stiffener. 
[0101] Furthermore, stiffeners 600 and 800 may have any number of one or more 

recessed step areas 606. For example, stiffeners 600 and 800 may have a recessed 
step area 606 that corresponds to each of one, two, three, or four edges of IC die 
102. 

[0102] FIG. 10 shows a flowchart 1000 providing steps for assembling a BGA 

package according to one or more embodiments of the present invention. The 
steps of FIG. 10 do not necessarily have to occur in the order shown, as will be 
apparent to persons skilled in the relevant art(s) based on the teachings herein. 
Other operational and structural embodiments will be apparent to persons skilled 
in the relevant art(s) based on the following discussion. These steps are described 
in detail below. 

[0103] Flowchart 1000 begins with step 1002. In step 1002, a first surface of a 

substrate is attached to a second surface of a stiffener that is opposed to a first 
surface of the stiffener. For example, the substrate is substrate 104, and the 
stiffener is one of stiffeners 600 and 800. As shown in FIGS. 7 and 9, substrate 
104 is attached to bottom surface 604 of stiffeners 600 and 800. Bottom surface 
604 of stiffeners 600 and 800 is opposed to top surface 602. 

[0104] In step 1 004, an IC die is mounted on the first surface of the stiffener. For 

example, the IC die is IC die 102, which is mounted in central region 612 of top 
surface 602 of stiffeners 600 and 800, as shown in FIGS. 7 and 9. 

[0105] In step 1006, a bond pad of the IC die is coupled to a contact pad on the 

first surface of the substrate with a wire bond over a recessed step region in the 
first surface of the stiffener and through a through-pattern in the stiffener that has 
an edge adjacent to the recessed step region. For example, the wire bond is one 
of wire bonds 108a and 108b, as shown in FIGS. 7 and 9. The recessed step 
region may be a recessed step region 606, such as shown in FIGS. 6A, 6B, 7, 8A- 
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8D, and 9. The through-pattern may be an opening 1 14 through stiffener 600 as 
shown in FIGS. 6A, 6B, and 7, a recessed edge portion 802 in an edge of stiffener 
800 as shown in FIGS. 8A, 8B, and 9, a recessed edge of stiffener 800 as shown 
in FIGS. 8C and 8D, or other through-pattern described herein. As shown in 
FIGS. 6A, 6B, and 7, openings 1 14 have an edge adjacent to recessed step regions 
606. As shown in FIGS. 8A, 8B, and 9, recessed edge portions 802 have an edge 
adjacent to recessed step regions 606. Furthermore, as shown in FIGS. 7 and 9, 
wire bonds 108a and 108b are coupled over recessed step regions 606, and 
through the through-patterns described herein. 

[0106] In an embodiment, the through-pattern is an opening through the stiffener. 

For example, the opening may be opening 1 14 as shown in FIGS. 6A and 6B. In 
such an embodiment, step 1006 may include the step where the wire bond is 
coupled through the opening. For example the wire bond may be one of wire 
bond 108a and 108b, which are coupled through openings 114a and 114c, 
respectively, as shown in FIG. 7. 

[0107] In an embodiment, the through-pattern is a recessed edge portion in an 

edge of the first and second surfaces of the stiffener. For example, the recessed 
edge portion may be recessed edge portion 802 as shown in FIGS. 8A and 8B. 
In such an embodiment, step 1006 may include the step where the wire bond is 
coupled through the recessed edge portion. For example, the wire bond may be 
one of wire bonds 108a and 108b, which are coupled through recessed edge 
portions 802a and 802c, respectively, as shown in FIG. 9. 

[0108] As described above, in an embodiment, the recessed step region may be 

plated with an electrically conductive material. For example, in an embodiment, 
the recessed step region may be one of recessed step regions 606a, 606b, and 
606d, which are plated with plating material 614. In embodiments, plating 
material 614 may be an electrically conductive material. 

[0109] Furthermore, as described above, an area of the first surface along the 

through-pattern may be plated with an electrically conductive material. For 
example, in an embodiment, the area of the first surface along the through-pattern 
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may be one of areas 608a and 608b, which are plated with plating material 614. 
In embodiments, plating material 614 may be an electrically conductive material. 
[0110] Further steps for the processes of flowchart 1000 shown in FIG. 10 will 

be known to persons skilled in the relevant art(s) from the teachings herein. 

Conclusion 

[0111] While various embodiments of the present invention have been described 

above, it should be understood that they have been presented by way of example 
only, and not limitation. It will be apparent to persons skilled in the relevant art 
that various changes in form and detail can be made therein without departing 
from the spirit and scope of the invention. Thus, the breadth and scope of the 
present invention should not be limited by any of the above-described exemplary 
embodiments, but should be defined only in accordance with the following claims 
and their equivalents. 
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WHAT IS CLAIMED IS: 

1 . A stiffener in a ball grid array (BGA) package, comprising: 
a first surface; 

a second surface opposed to said first surface; 

an opening through the stiffener that is open at said first surface and said 
second surface; and 

a recessed step region in said first surface along an edge of said opening. 

2. The stiffener of claim 1, wherein said edge is a closest edge of said 
opening to a central region of said first surface of said stiffener. 

3 . The stiffener of claim 1 , wherein said opening is substantially rectangular 
or trapezoidal shaped. 

4. The stiffener of claim 1, wherein said opening is irregular shaped. 

5 . The stiffener of claim 1 , wherein said recessed step region is substantially 
rectangular shaped. 

6. The stiffener of claim 1 , wherein said recessed step region is substantially 
trapezoidal shaped. 

7. The stiffener of claim 1, wherein said recessed step region is irregular 
shaped. 

8 . The stiffener of claim 1 , wherein said first surface and said second surface 
are substantially planar, and wherein said recessed step region has a surface that 
is substantially planar. 
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9. The stiff ener of claim 1, further comprising: 

a second opening through the stiffener that is open at said first surface and 
said second surface; and 

a second recessed step region in said first surface along an edge of said 
second opening. 

10. The stiffener of claim 1, further comprising: 

a plurality of openings through the stiffener that are open at said first 
surface and said second surface; and 

a plurality of recessed step regions in said first surface, wherein each of 
said plurality of recessed step regions is located along an edge of a corresponding 
opening of said plurality of openings. 

1 1 . The stiffener of claim 1, wherein said recessed step region is plated with 
an electrically conductive material. 

12. The stiffener of claim 11, wherein said electrically conductive material 
includes at least one metal. 

1 3 . The stiffener of claim 12, wherein said at least one metal includes at least 
one of gold and silver. 

14. The stiffener of claim 1, wherein an area of said first surface adjacent to 
said recessed step region is plated with an electrically conductive material. 

1 5 . The stiffener of claim 1 , wherein said recessed step region, an area of said 
first surface adjacent to said recessed step region, and a surface area between said 
recessed step region and said area of said first surface are plated with an 
electrically conductive material. 
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16. The stiffener of claim 1, wherein the stiffener is a heat spreader. 

17. The stiffener of claim 1, wherein the stiffener comprises at least one 
metal. 

1 8. The stiffener of claim 1 7, wherein said at least one metal includes copper. 

19. The stiffener of claim 17, wherein said at least one metal includes 
aluminum. 

20. The stiffener of claim 1 , wherein the stiffener comprises at least one of a 
ceramic, a dielectric material, an organic material, and a plastic. 

21. The stiffener of claim 1, wherein the stiffener is electrically conductive. 

22. A stiffener in a ball grid array (BGA) package, comprising: 
a first surface; 

a second surface opposed to said first surface; 

a recessed edge portion in an edge of said first surface and said second 
surface; and 

a recessed step region in said first surface along said recessed edge 
portion. 

23. The stiffener of claim 22, wherein said recessed edge portion is 
substantially rectangular or trapezoidal shaped. 

24. The stiffener of claim 22, wherein said recessed edge portion is irregular 
shaped. 
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25. The stiffener of claim 22, wherein said recessed step region is 
substantially rectangular shaped. 

26. The stiffener of claim 22, wherein said recessed step region is 
substantially trapezoidal shaped. 

27. The stiffener of claim 22, wherein said recessed step region is irregular 
shaped. 

28. The stiffener of claim 22, wherein said first surface and said second 
surface are substantially planar, and wherein said recessed step region has a 
surface that is substantially planar. 

29. The stiffener of claim 22, further comprising: 

a second recessed edge portion in a second edge of said first surface and 
said second surface; and 

a second recessed step region in said first surface along said second 
recessed edge portion. 

30. The stiffener of claim 22, further comprising: 

a plurality of recessed edge portions that each correspond to an edge of 
said first surface and said second surface; and 

a plurality of recessed step regions in said first surface, wherein each of 
said plurality of recessed step regions is located along a corresponding recessed 
edge portion of said plurality of recessed edge portions. 

3 1 . The stiffener of claim 22, wherein said recessed step region is plated with 
an electrically conductive material. 
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32. The stiffener of claim 22, wherein an area of said first surface adjacent to 
said recessed step region is plated with an electrically conductive material. 

33. The stiffener of claim 32, wherein said electrically conductive material 
includes at least one metal. 

34. The stiffener of claim 33 , wherein said at least one metal includes at least 
one of gold and silver. 

35. The stiffener of claim 22, wherein the stiffener is a heat spreader. 

36. The stiffener of claim 22, wherein the stiffener comprises at least one 
metal. 

37. The stiffener of claim 36, wherein said at least one metal includes copper. 

38. The stiffener of claim 36, wherein said at least one metal includes 
aluminum. 

39. The stiffener of claim 22, wherein the stiffener comprises at least one of 
a ceramic, a dielectric material, an organic material, and a plastic. 

40. The stiffener of claim 22, wherein the stiffener is electrically conductive. 

41. A ball grid array (BGA) package, comprising: 
a stiffener that has 

a first surface, 

a second surface opposed to said first surface, 
an opening through said stiffener that is open at said first surface 
and said second surface of said stiffener, and 
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recessed step region in said first surface of said stiffener along an 
edge of said opening; 

a substantially planar substrate that has a plurality of contact pads on a 
first surface of said substrate that are electrically connected through said substrate 
to a plurality of solder ball pads on a second surface of said substrate, wherein 
said second surface of said stiffener is attached to said first surface of said 
substrate; and 

an IC die mounted to said first surface of said stiffener. 

42. The package of claim 41, wherein said edge is a closest edge of said 
opening to a central region of said first surface of said stiffener. 

43. The stiffener of claim 41, wherein said opening is substantially 
rectangular or trapezoidal shaped. 

44. The stiffener of claim 41, wherein said opening is irregular shaped. 

45. The stiffener of claim 41, wherein said recessed step region is 
substantially rectangular shaped. 

46. The stiffener of claim 41, wherein said recessed step region is 
substantially trapezoidal shaped. 

47. The stiffener of claim 41, wherein said recessed step region is irregular 
shaped. 

48. The package of claim 41, wherein said first surface and said second 
surface of said stiffener are substantially planar, and wherein said recessed step 
region has a surface that is substantially planar. 
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49. The package of claim 41 , further comprising: 

a second opening through said stiffener that is open at said first surface 
and said second surface of said stiffener; 

a second recessed step region in said first surface of said stiffener along 
an edge of said second opening. 

50. The package of claim 4 1 , further comprising; 

a plurality of openings through said stiffener that are open at said first 
surface and said second surface of said stiffener; 

a plurality of recessed step regions in said first surface of said stiffener, 
wherein each of said plurality of recessed step regions is located along an edge 
of a corresponding opening of said plurality of openings. 

5 1 . The package of claim 4 1 , wherein said recessed step region is plated with 
an electrically conductive material. 

52. The package of claim 41, wherein an area of said first surface of said 
stiffener adjacent to said recessed step region is plated with an electrically 
conductive material. 

53. The package of claim 51, wherein said electrically conductive material 
includes at least one metal. 

54. The package of claim 53, wherein said at least one metal includes at least 
one of gold and silver. 

55. The package of claim 41, further comprising: 

a wire bond that couples a bond pad of said IC die to a contact pad of said 
plurality of contact pads over said recessed step region and through said opening. 
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56. The package of claim 41 , further comprising: 

a wire bond that couples a bond pad of said IC die to said recessed step 

region. 

57. The package of claim 41, further comprising: 

a wire bond that couples a bond pad of said IC die to said first surface of 
said stiffener. 

58. A ball grid array (BGA) package, comprising: 
a stiffener that has 

a first surface, 

a second surface opposed to said first surface, 
a recessed edge portion in an edge of said first surface and said 
second surface, and 

a recessed step region in said first surface of said stiffener along 
said recessed edge portion; 

a substantially planar substrate that has a plurality of contact pads on a 
first surface of said substrate that are electrically connected through said substrate 
to a plurality of solder ball pads on a second surface of said substrate, wherein 
said second surface of said stiffener is attached to said first surface of said 
substrate; and 

an IC die mounted to said first surface of said stiffener. 

59. The stiffener of claim 58, wherein said recessed edge portion is 
substantially rectangular or trapezoidal shaped. 

60. The stiffener of claim 58, wherein said recessed edge portion is irregular 
shaped. 
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61. The stiffener of claim 58, wherein said recessed step region is 
substantially rectangular shaped. 

62. The stiffener of claim 58, wherein said recessed step region is 
substantially trapezoidal shaped. 

63. The stiffener of claim 58, wherein said recessed step region is irregular 
shaped. 

64. The package of claim 58, wherein said first surface and said second 
surface of said stiffener are substantially planar, and wherein said recessed step 
region has a surface that is substantially planar. 

65. The package of claim 58, further comprising: 

a second recessed edge portion in a second edge of said first surface and 
said second surface of said stiffener; and 

a second recessed step region in said first surface of said stiffener along 
said second recessed edge portion. 

66. The package of claim 58, further comprising: 

a plurality of recessed edge portions that each correspond to an edge of 
said first surface and said second surface of said stiffener; and 

a plurality of recessed step regions in said first surface of said stiffener, 
wherein each of said plurality of recessed step regions is located along a 
corresponding recessed edge portion of said plurality of recessed edge portions. 

67. The package of claim 58, wherein said recessed step region is plated with 
an electrically conductive material. 
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68. The package of claim 58, wherein an area of said first surface of said 
stiffener adjacent to said recessed step region is plated with an electrically 
conductive material 

69. The package of claim 67, wherein said electrically conductive material 
includes at least one metal. 

70. The package of claim 69, wherein said at least one metal includes at least 
one of gold and silver. 

7 1 . The package of claim 58, further comprising: 

a wire bond that couples a bond pad of said IC die to a contact pad of said 
plurality of contact pads over said recessed step region and through said recessed 
edge portion. 

72. The package of claim 58, further comprising: 

a wire bond that couples a bond pad of said IC die to said recessed step 

region. 

73. The package of claim 58, further comprising: 

a wire bond that couples a bond pad of said IC die to said first surface of 
said stiffener. 

74. A method of assembling a ball grid array (BGA) package, comprising the 
steps of: 

(A) attaching a first surface of a substrate to a second surface of a 
stiffener that is opposed to a first surface of the stiffener; 

(B) mounting an IC die on the first surface of the stiffener; and 

(C) coupling, with a wire bond, a bond pad of the IC die to a contact 
pad on the first surface of the substrate over a recessed step region in the first 
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surface of the stiffener and through a through-pattern in the stiffener that has an 
edge adjacent to the recessed step region. 

75 . The method of step 74, wherein the through-pattern is an opening through 
the stiffener, wherein step (C) includes the step of: 

coupling the wire bond through the opening. 

76. The method of step 74, wherein the through-pattern is a recessed edge 
portion in an edge of the first and second surfaces of the stiffener, wherein step 
(C) includes the step of: 

coupling the wire bond through the recessed edge portion. 

77. The method of claim 74, further comprising the step of: 

(D) plating the recessed step region with an electrically conductive 
material. 

78. The method of claim 74, further comprising the step of: 

(D) plating an area of the first surface along the through-pattern with 
an electrically conductive material 

79. A stiffener in a ball grid array (BGA) package, comprising: 
a first surface; 

a second surface opposed to said first surface; 

an opening through the stiffener that is open at said first surface and said 
second surface; and 

an angled surface that forms an edge of said opening and is formed at an 
acute angle to a plane of said first surface. 
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BALL GRID ARRAY PACKAGE WITH STEPPED STIFFENER LAYER 
ABSTRACT OF THE DISCLOSURE 



Electrically, thermally and mechanically enhanced ball grid array (BGA) 
packages are described. An IC die is mounted on a first surface of a stiffener. A 
first surface of a substrate is attached to a second surface of the stiffener that is 
opposed to the first surface of the stiffener. A bond pad of the IC die is coupled 
to a contact pad on the first surface of the substrate with a wire bond. The wire 
bond is coupled over a recessed step region in the first surface of the stiffener and 
through a through-pattern in the stiffener that has an edge adjacent to the recessed 
step region. The through-pattern in the stiffener is one of an opening through the 
stiffener, a recessed portion in an edge of the stiffener, or other through-pattern. 
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a first surface of a substrate is attached to a second surface of 
a stiffener that is opposed to a first surface of the stiffener 



1004 



an IC die is mounted on the first surface of the stiffener 



1006 



a bond pad of the IC die is coupled to a contact pad on the first surface of the.substrate 
with a wire bond over a recessed step region in the first surface of the stiffener and through 
a through-pattern in the stiffener that has an edge adjacent to the recessed step region 
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